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SYNOPSIS 


An investigation of electrical properties of 

various glasses of tlie system PbO-ZnO -I^O^-SiOg containing 

Se alone or Se with either of Bi»0^,Sh o 0^ and As o 0-, has 

2 D 2 i 2d 

been carried out Bulk resistivity of the glasses were 
measured as a function of temperature Silver electrode 
make non-ohmic contact with these glasses l e I-V 
characteristic of these glasses with Ag electrode is non- 
linear, while gold electrode make ohmic contacts 

Some glasses show high value of resistivity and 
variation of resistivity as a function of temperature can 
be given by the equation •€> = exp As the concen- 

tration of various components is changed the electrical 

q 2.2 2 5 

resistivity drops from 10-10 ohm-cm to 10 -10 cm 
The variation of resistivity is also very small with 
temperature In some glasses the resistivity increases 
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CHAPTER I 


IITTRODUCTICN 


The modern development of Technolog], has 
created the prerequisites for an extreme expansion of the 
fidld of investigation of Phvsical and Chemical 
properties of semiconducting materials Intensive 
investigations are under way m search of new materials 
and additional amplications are continually being 
uncovered The tremendous technoligical expansion of 
the past two decades has been based m large part 
on the continuing interplay between new advances m 
our fundamental understanding of the electrical 
properties of these materials and the discovery of 
new electronic amplications of materials m increasingly 
more complex devices and systems Sane examples will 
illustrate the great diversity and importance of 
their applications Viz 1 switching and memory devices 
continuous dynode electron multiplier (channeltran) 
optical mass memories, phase contrast holograms, high 
energy particle detectors, infrared lenses ultrasonic 
delay lines, microfiche transparencies and trasducers 
The draw-backs of crystallm semiconducting 
materials are the requirement of extreme chemical purity 
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and chemical attack Amorphous semiconductors are 
relatively insensitive to impurities and chemical 
attack They can be manufactured with unicme chemical 
thermal electrical magnetic optical, mech~nical and 
mass transport properties Due to tne favorable physical 
chemical electrical properties and ease with vmch 
they can be produced m any form they have becoine a 
popular subject for research and invention 

1 1 Amorphous Semiconductors 

Amorphouse semiconductors can be classixied 
2 

m three mam categories 

1 The first category contains the isual crystalline 
semiconductors silicon germanium and indium annmonide 
etc which are obtained m the amorphous state as thin 
films from the vapour phase 

2 The second category contains chalcogenide 
glasses, these are rrade up of group VI elements sulphur 
selenium teldunum alone or m combination with the group 
V elements phosphorus, arsenic antimony and bismuth 

3 Oxide glasses containing transition metal 

elements fall m the third group of amorphous 

3 4 5 

semi conduct ions ' ' Alkali borosilicate glasses 
containing selenium/ bismuth oxide and antimony oxide 
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C '7 

come under this category 

Amorphous semiconductors behave similar to 
intrinsic semiconductors Their low value of conductivity 
enables one to observe high field effects -without 
excessive heating 

The general electrical behaviour of oxide 
glasses should be reviewed as the present investigation 
deals with lead oxide glass system 

1 2 Qride Glasses 

Various oxide glasses show semiconducting 
behaviour Soda-silica and alkali boros llic =ite glasses 
show ionic conductivity where Na + 10ns are the ch rge 

/ _ v 

carriers Stevels v derived the following ecuation 
for the ionic conduction m glasses 

f = (exp U/yT) (1) 

^ y ba^ e^ n 

Where V is the vibrational frequency b is 
the number of adjacent wells an ion can jump into, a 
is the average jump distance n is the number of mobile 
10ns per c c and E is the energy barrier Trom the 
above equation it is obvioQS that log^ vs 33 -plp&iWill be 
a straight 

The addition of an oxide of a higher valent 
metal like calcium, lead to an alkali silicate glass 
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leads to a decrease m ionic mobility of the alkali 
(9) 

ion When a second alkali oxide is added to an 

alkali silicate glass the conductivity decreases 

sharply^ 10 '* Measurements of diffusion coefficients 

in such glasoes show that the mobility of each ion is 

( 11 ) 

decreases by uhe addition of others The decrease 

in conductivity results from these reductions m 
mobility, but the reasons for the mobility reduction 
are not clear 

Other category of oxide glasses includes 
glass systems having oxides of transition metal as one 
of the constituents These glasses show electronic 
conductivity 

Bulk electronic conduction m P 2°5“ V 2°5 glasses 

(l2) 

was reported by enton. Raws on and Suanvorth m 
1954 Various other oxide glasses like vanadate - 
phosphate Vanadate- gepmanate were s tidied by 
MackenXie^ 13 Han-blen et al^ 5 ^ Munakafea ^ "'• 6 ' ^ ^ 

(10) (19) 

Bayutan et al and Ioffe and Regel Some 

Gcrnanate- Vanadate-Phosphate glasses have been studied 

by Janakirama Rao^ 20 ^ Iron-oxide based glasses have 

( 21 ) ( 22 ) 

been studied by Hansen and Mackenzie The 

conduction m most of these glasses with shown to be 
the transfer of an electron (and/or hole)between 10 ns 
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of same transition metal m different valance states 
e g 

V 4+ _ 0 - V 5+ - *■ — 7 1 V 5+ _ 0 - V 4+ 

Fe 2+ - 0 - Fe 3 - Fe 3+ - O - F e 2 H 
(7 ) (23 ) 

Murthy and Bandyopadhyay showed independently 

that introduction of b i 2 °3 in Na 2 °“ B 2 °3 _Sl °2 s Y s ‘ tem 

mdecrease electronic conduction and memory switching 
(24) 

Devendra reported the similar behaviour when he 

introduce d Sb 2 C> 3 m Na 2 0-B 2°3 -Sl0 2 oxl(:ae gl ass system 

(25 ) 

Kharyuzov and Efimov reported that m 

As-Ge-Si glass system introduction of Fb mearly load 

to displacement of the extremal points on the log 5* vs 

on 

curve without changing their forms 

* 

But m Iron oxide containing silicate glass 

the conductivity decrease tenfold when the EbO content 

( 2 6 ) 

is doubled as reported by Kuznetsov & Tsekhomsbn 
also Jones ^"^said that " subs fcjLtutiSg -EbO increases cor due 
tivity and gave reasons 

1 3 Selenium 

Atomic no 34 Atomic wt 78 76 valance state 
IS 2 2S 2 2P 6 3S 2 3p 6 3d 10 4S 2 4p 4 appears m 6 allotropic 
form Melting point 217°C and boiling point 685 °C and 


r~l [H 
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and electrical resistivity 10^ to 10"^ depending upon 
( 28 — 29 ) 

the form But for Trigonal single crystal at. roan 

Juf. . _ "1 

temperature - 10 to 10 ohm cm" Conductivity can 
not be mhanced by impurity but can increase by lattice defect 
The V-I's ohmic at low At low temperature 

curve is strongly voltage dependent 


1 4 Mode of Conduction in Amorphous e Scmic onduc tors 

In amorphouS( and liquid semiconductors 

transport m delocalised electronic states for which the 

mean free path is of the same order as the interatomic 

spacing and transport by thermally activated hopmng 

between localised states are the modes of conduction 

that occuie This is similar to the hopmng or band 

like conduction with short goan free path m a heavily 

doped crystalline semiconductors 

In the chalcogenide glasses electrnic conduction 

has been described as occunng m an energy band as 

m crystalline broad band semiconductors Theories of 

( 30 — 32 ) 

this type of conduction have been developed by Mott 
and Coworkers Due to disordered state of the material 
there are continuous densities of states, and therefore 
the validity of following equation is difficult to 


understand 
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<T~ = 0 exp 



(2) 


The conductivity of amorphouse semiconduct 
varies with temperature ccordmg to above equation 


1 5 Anderson Transition 


( 33 ) 

Anderson showed that m noncrystallme 

solid, if certain condition of randan potential for 
the electron is satisfied, then the electronic energy 
states will be localised and therefore the conduction 
is duo to hopping of electrons between thes<- localised 
states 


If the critical Anderson condition is not 

satisfied states will still be localized m the tail 
(34) 

of the band The energy which separates the extended 

states with the Hoc lized states m bands are called 
mobility edges (E c and E^) If Fermi-level E^ lie below 

that is in the region of localized states, the 
conduction will be either due to the thermally activated 
hopping between the localized states or due to excitation 
of electrons from E„ to E Conduction may also occurs 

r C 

by both the processes and the conductivity follows the 
same eouation Vnere fj) may have different values If 
E c - E p changes Its sign due to change m structure or 
the composition of the glass E p reaches m the region 
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of extended states and the electron behaves as an 1 tenerent 
electron and conductivity will show the same behaviour 
as m case of metals This phenomenon is known as 
Anderson transition The material shows a change from 
semiconauctmg behaviour to metallic behaviour 

Electrical Conduction m Lead Glasses 

(ok) 

Khar^uzov and Efimov worked on As-Ge-Pb-Se 
systems They varied the Fb content upto 5 atonic / and 
reported that the introduction of lead merely leads to 
displacement of the extremal poirtc on the curves without 
changing their form Kudashev^ 41 ^ suggested in lead 
borate glasses, that three different positions can oe 
occupied by the lead ion xn borate glasses The lead ions 
may be between two oxygen atoms with uns~turated valences 
Such ions strengthen the gl">ss structure They can not 
be involved m transport of current In second case the 
lead ions may be attached to a single exa gen atom with 
unsaturated valence This ion is bound less strongl\ ^o 
the glass structure than m case I but the bond is still 
fairly strong and the energy required to break it is 
relatively high Therefore at low temperature this type 
of ions have no appreciable influence In third case 
the lead ion are not bound to any particular atoms and 
can easily move within the unit cell of the structure 
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net work or pass into neighboring cells Direct jump 
of such ions into neighboring colls results m conduction 
of current 

In lead, silicate glasses containing -^ e 2^3 
the effect of variation of PbO content on the resistance 
value of the glasses were studied and reported by 
Kuznetsov and Tsekhomskii They concluded that 

since the radius of lead ion (l 3 2 A) is less than that 
of the barium ion (l 43A), lead glasses have higher 
conductivity than barium glasses The decrease of 
conductivity with increasing content of modifying oxide 
in the glass can be explained similarly They also 
reported that with the same iron oxide content (lO mole /) 
the conductivity decreased tenfold wher the PbO content 
is doubled 

Grechamk 5 ^ assumed conaucti on m alkali- 
free lead glasses to be due to Pb 2+ ions It has been 
shown by Milnes and Isard^ 36 ^ that electric conduction 
m alkali-foe*' lead silicate glasses is affected by the 

N 

residual 'water 1 content of the glass Increase in OH 

ion concentration showed increase in conductivity and 

, , ,( 42 ) 

decrease in activation energy Hughes and isara 
suggested that the conduction mechanism xn the alkali- 
free lead oxide glasses is either electronic or by 
means of H + ion impurity 
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In the present study first we selected the 

BgO^-SiO^ 9l ass system and tried to put Se metal m it 

But it was very difficult to achieve sufficiently big 

size samples for measurement Then we tried • Bl 2°3“ B 2°3 

glass system, but again we fail to get stable glasses 

These glasses were highly phase separated glasses and 

layers were coming out easily 

At last we selected the lead oxide glass system 

Lead silicate glasses w£re reported to have very high 

$L 

resistivity and it was worth tying to put different 

metal oxides and metal particle in this glass matrix and 

observe the effect Tor putting the Se metal m we 

were interested m getting low melting temperature glasses 

because Se has got the low melting point and gets 

easily oxidise FbO-ZnO-B^Og-SiO^ systems were reported 

to have lower melting point ( 650 °C) Hence we selected 

above mentioned glass system and put the metal Se Bi^O^, 

Sb 0 and As O and tried to observe the change m 

resistivity value Because all of these oxides (Bi^O^, 

Sb„0 and As_0 ) and Se metal were shown the lowering 
2 3 2 3 

effect m B 2 0 3“ Sl0 2 9 lass ' 'h e ^ ce we expected that similar 
behaviour will be shown with the EbO-ZhO-B^O^-SiO^ 


sys tem 
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CHAPTER II 

STATEMENT OF THE PROBLEM 

The glasses of the system FbO-ZnO-B^O^-SiC^ 
were found to show very high resistivity but have the 
advantage of lower melting temperature and ease of 
formation Glasses containing Bi 0 Sb 2°3 an< ^ ^ s 2°3 

were found to have interesting eledtncal properties 
like low resistivity values and switching 

The purpose of present investigation was ta study 
the characteristics of this hetro-phasc glass system 
as a function of composition of the constituents 
Compositions of the glasses chosen for study are given 
m Table XT Following measurements have been made on 
these glasses 

1 Variation of resistivity of glasses PbO-ZnO-B^O^- 
SiO^-Se with the varying content of Se and 
temperature 

2 Variation of resistivity of glasses FbO-ZnO-B^^*- 
SiO -Bi 0 -Se with temperature and varying 

tl Ct O 

composition of an< ^ 

Variation of resistivity of glasses EbG-ZnCL.B 2 0 3 ~ 

SiO -Sb„0 -Se with temperature and varying 

Ct c* O 

composition of anc ^ 
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4 Variation of resistivity of glasses PbO-ZnO-B^O^- 
Si 0 2 _As 2 0 3 ~Se with temperature and varying 
composition of As 2 0 3 and Se 

5 Variation of resistivity of glasses PbO-ZnO-B^O^- 
SiO^-Se with temperature and varying composition 
of ZnO and BO 

6 Variation of resistivity of glasses FbO-ZnO-B C> 3 - 
SiC> 2 _Se-Bi 2 0 3 with temperature and varying 
composition of PbO and Si0 2 

7 Variation of resistivity of glasses PbO-ZnO-B^O^- 

SiO -Se-Sb 0 with temperature and varying composition 

^4 fa d 

of PbO and Si0 2 

Variation of resistivity of glass PbO-ZnO_B 2 0 3 _ 

SiO _Se~As 0 with temperature and varying compo- 
/L 

sition of PbO and SiO^ 
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CHAPTER III 

EXPERIMENTAL 

3 1 Preparation of Glass 

The composition (mole /) of the glasses which 
rwere prepared for investigation arc given m Table I 
All the glasses are having PbO, ZnO, SiO^ ana B^O^ as 
base constituents and selenium or So with either of 
Bi 0 Sb„C> As 0 as additional constituents Calculate^ 

Z >J cG Z b 

amount of reagent grade materials were weighed and mixed 
throughly The mixture was then transferred to alumina 
crucible and heated m SiC globar electrically heating 
furnace to temperature unto 700° to 900°C At this 
temperature the melt was kept for half an hour and air 
quenched to 300°C inside the annealing furnace in the Al 
molds Since density of PbO is ouite hign, PbO remains 
near the bottom of the crucible To homogeneous the 
melt, it was Stirred before casting Annealing of the 
glass, was done for about half an hour at 300 °C and than 
it was furnace cooled to roan temperature The glasses 
were quenched in the furnace to 300 C because if it is 
quenched to room temperature the strain and cracks 
develop rapadily and glass brakes into small pieces hej-ore 
transferring to annealing furnace 



T/jBLE No 1 


Composition of Glasses 
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3 2 Specimen Preparation 

The glasses were cut into small pieces The 

glass pieces were ground and polished to a thickness 

of 0 2 to o 9 mm with SiC powder of mesh numbers 12 0 / 

240, 400 600 and 800 After polishing the specimens 

were were washed with acetone 

Gold electrodes were deposited on both sides 

of the specimens by vacuum evaporation cechnique . On 

some glasses Ag electrodes were also made with silver 

paints But the specimen thus prepared using Ag 

electrodes were showing non ohmic behaviour The area 

2 2 

of gold electrodes are m the range of 0 5 cm to 3 5 cm 
Copper wire were cemented to the gold electrodes with 
the help of silver cement To give mechanical support 
and strength to the specimens,- they were send witched 
between the glass slides with the help of araldite 


3 3 Resistivity Measurements 

High resistive samples were measured with the 
help of General radio electrometer or ECXL picoammeter 
Schematic circuit diagram is given m Fig 1 For low 
resistive samples resistance were measured by connecting 
s tendered resistance m scries with samples The drop 


accross the standared resistance and voltage applied 
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worG measured to get the value of resistance of the samples 
To achieve the better accuracy the value of standard 
resistance was kept to same order of magnitude as that 
of sample 

For high temperature measurements of resistance 
samples were kept m a horizontal electrically heating 
wire wound tube furnace Inside the refractory tube 
there was kept a stramless steel tube to orovide 
proper electrical shielding As Se glasses were reported 
to have photoelectric effect, care was taken to close 
the tube mouth from both the ends to avoid such effect 
Temperature was raised m steps with the help of APLAB 
terrvnerature controller and measurements were taken after 
the stablization of temperature The highest temperature ^ 
selected for measurement was 20C P C to minimise hign t 

temperature annealing and crystalization of glass samples 
as the glasses were low temperature melting glasses 
Temperature was measured using a potentiometer and chrome- 
alumel thermocouple 

Low temperature measurements were carried out 
m a low temperature cell A schematic representation 
of this cell is shown in Fig 2 Liquid nitrogen was 
used m Dewer flask Temperature was controlled by the 
steady state flow of nitrogen vapors produced by an 
electncallyheated fillament dipped m liquid nitrogen 




Fig 2 
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Temperatures were measured with the help of potentiometer 

, Cw>- 

and copper constant thermocouple 

A 

3 4 X-Rny Differact.L.on Measurements 

Glasses were crushed and prepared in the fine 
powder form and sieved to get -400 mesh size powder 
X-ray dif feraction pattern was obtained with the help of 
a X-ray differactometer m the range 2 9 = 10° to 2© = 50° 
This was done to assure that samples were m amorphous 
phase Graphs does not indicate any detectable presence 
of crystalline phase 

3 5 Switching 

Only one As 2 0 3 containing glass no 14 shoved 

the switching behaviour The V-I ctn ceteris tic curve 

for this glass was obtained at different teirperature 

with the help of x-y recorder and resistance values were 

calculated from the slope m the linear region 

From resistance values the specific resistivity 

1 

values were calculated From log resistivity vs Temperature 
plot activation energy values were obtained by calculating 
the slope by least squares method 
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CHAPTER IV 


RESULTS 


4 1 Effect of Electrodes 


Silver and cold electrodes were tried to 
determine the resistivity Silver elect- ode were made 
by painting silver pamt^ 24 '* on both the sides of the 

samples while gold electrodes were made by viccuum 
deposition technique It was seen that with silver 
electrodes the sample s current voltage characteristic 
were nonlinear and with gold electrodes the current 
voltage characteristic was linear The I-V characteristic 
of glasses with silver and gold electrodes are shown 
m Fig 3 Thus gold electrode behave as ohmic contact 
between these glasses and gold 


4 2 Resistivity 


by 


The resistivity of the glasses can be given 
9 = Fo exp ( A /bT) 


where y Q and A are constants, A is called the activation 
energy Therefore log ^vs l/T curve will be straight 
line There might be sane deviation from this type of 
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behaviour ®y plotmg log^vs 1/T we can draw various 
inferences for the electrical conduction behaviour of 
the glass All the glasses are grouped into eight groups 
accordingly to their composition, their logarithm 
resistivity with inverse of temperature are plotted 
m Figs 4-13 

GROUP I 

The logarithm of resistivity as a function of 
inverse of temperatures for glasses 1, 2 and 3 are shown 
m Fig 4 In this group of glasses glass no 1 is the 
base glass of the system PbO-2hO_B 0 -SiO in glass 
no 2 5 mole / Se is added and m glass no 3 ®5 mole / 

graphite is also added with* 5 mole / Se Fig 4 shows 
that as selenium is introduced the resistivity as well 
as activation energy decreases sharply With the 
introduction of 5 mole / C (graphite) tnere is not 
much change in resistivity as well as m activation 
energy The activation energies of these glasses are 
given m Table II as obtained using standard least 
squares method of fitting data There was change m 
resistance level during heating and cooling cycles m 
glasses 1 & 3 while glass no 2 does not show any such 
charge 



•I* 
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GROUP II 

In this group of glasses (glass no 4 & 5) 

i 

the log resistivity vs ~ curves are presented m Fig 5 
The resistivity of glass 4 is 10^ ohm cm at room tempera- 
ture and increases with temperature When content of 

0^ is increased from 12 mole / to 2 2 mole / and content 
of FbO_ZnO_Se are decreased m glass the resistivity 
falls by three orders of magnitude and also the trend 
of resistivity variation with temperature reversed 
i e the resistivity of glass no 5 decreases with 
increase m temperature The activation energy of 
glass no 5 is given in Table II 

GROUP III 

In group III which contains glass no 6,7 & 8 
only oontant of B 2 °3 and Se changes as given m the 
Fig 6 which also show resistivity behaviour of these 
glasses with temperature In all the glasses resistivity 
values m heating cycles are not same as those of cooling 
cycle All the glasses show similar behaviour with 
activation energy ranging between 7 to 1 O eV 

GROUP IV 

Figure 7 shows the effect of changing concen- 
tration of Bi O and Se on the resistivity behaviour m 
2 3 
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glasses 9 and 10 The glass 9 having the composition 
54rP'h0-i07n0-22B^0 o -6Sx0^-5'Bi.^ 0^_3Se has resistivity of 
the order of 10 ^ ohm cm which is not affacted by 
temperature At lower temperature however/ chere is 
some increase m resistivity 

11 

Glass 10 has a very high resistivity ( 10 

ohm cm at room temperature) m compares ion to glass 9 
Its resistivity decreases exoonenti orally with temperature 
Resistivity values for heating and cooling ccycles are 
almost same 

GROUP V 

Log resistivity vs plots for thjf 

group are shown m Pig 8 In this group only antimony 

oxide and selimum content was varied 

The resistivity of glass no 11 increases with 

increasing temperature during heating During cooling 

the resistivity further increases reaching a constent 

value near room temperature 

The resistivity of glass 12 having 3/ St> 2 0 3 and 

5°/ Se is three orders of magnitude less than the 

12 . 

resistivity of glass -S® Its resistivity first decreases 

A. 

and then increases With temperature. 
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BRCUP VI 


The variation of resistivity with temperature 
of the glasses containing are snown in F;l 9 9 

Glass 13 containing SA^O^-SSe has higher resismvity 
and activation energy than glass 14 containing 3As 2 ° 3 ~ 

5Se This behaviour is reverse that of glasses 9 and 
10 m which increase of b i 2 °3 concentration leads to 
decrease m resistivity and activation energy 

In glaso 13 resistivity values are hijher for 
heating cycle than cooling cycle 

Fig 10 shows the relative variation of log 
resiotivity with 1/Temperature for glasses 9,11 13 
Glass 9 has the composition 54 FbO-iOZnO- 22 B 2 0 3 _ 6 SiC> 2 - 
3 Se- 5 Bi 2 0 3 In glasses 11 and 13 Bi 2 ° 3 is replaced by 
Sb M 0_ and A s _0 respectively Frcm Tig 10 it appears 
that glass 9 having b i 2 °3 has lowest resistivity and is 
independent of temperature Glass 11 containing 
has two order higher resistivity than glass 9 The depe- 
dence of resistivity on temperature is again not much 
Glass no 13 containing As C> 3 has higher resistivity and 
activation energy 

Fig 11 shows the log resistivity vs - for 
che same glass systems except having 3 mole / of Ba 2 ° 
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St> 2°3 & As 2°3 rPS P ect;Lvel y instead of 5 mole / and 5 mole V 
Se instead of 3 mole / In those glasses the behaviour 
is reversed, i e Ba 2 ° 3 containing glass (lo) his 
highest resistivity and activation energy 

Pig 12 & 13 presents the effect of cnangmg 
PbO and SiCt, composition in glasses containing Bi 
and respectively Glass containing Bi 0^ shows 

lower resistivity value for higher mole / of PbO (glass 
no 15) In this glass the resistivity increases witn 
increase in temperature Glass 16 has higher resistivity 
and activation energy 

Glasses with antimony oxide have reversed 
behaviour, i e higher PbO containing glass shows higher 
resistivity In glass 18 during cooling resistivity 
suddenly increase by one order of magnitude and after- 
wards increase very slowly with decreasing temperature 

4 3 Switching characteristics 

Only one glass no 14 54 PbO-ioZr 0-22B 2 O 2 -6 Si 0 2 _ 
3As 2 0 3 -5Se showed the threshold switching At 78°C with 
applied voltage of 3v resistance of sample droped down 
from 10 5 to 3 x 10 3 Some typical voltage vs current 
plots are also presented m Pig 14 for different 
temperature^ 

A variation of threshold voltage and on' state 
resistants presented m table uX 



cm ) 
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TABLE 2 


Activation energy data for glasses 6,8,13,16,17 £-18, 

5. 


Glass I Activation Energy cv J Standerd Donation 

No ! « 

• * 


6 

0.7618 

« . 

0361 

8 

0.9759 

079 

13 

.61697 

0301 

16 

.711 

031 

17 

0.768 

.0342 

18 

0.1419 

022 

5 

0 7 55x10*” 2 

01871xl0~ 2 
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CHAPTER V 
DISCUS SI QNS 

5,1 PbO-SiO„ Glasses 

The bulk resistivity of high lead containing 
1 fa 

glasses is 10 x ohn cm near room temperature as described 
(37 ) 

by Morey The resistivity of our base glass 

51 9 PbO-19 2ZnO, 22 4B 0 6 5 Si 0 2 (mole /) (Glass No l) 

is of the order of 10 ohm cm near room temnerature 

The decrease m resistively may be due to addition of 

ZnO and B 0 3 The log ^vs 1 /T curve is linear m 

agreement with the literature data Addition of more 

PbO increases the resistivity since metallic ions added 

(27 ) 

tend to fill up holes m the structure 

5 2 Selenium 

13 

The resistivity of vitreous selenium is 10 
ohm cn/ 28 ‘ ) and of liquid selenium is 2 3 x 10 5 
ohm-cm^ 28 ^ (400°C) 

By substitution of 5/ Se for ZnO to the esc 

12 2 

glass decrease uhe resistivity from 10 ohm cm to 10 
ohm-cm (Fig l) By substituting of Se for B 2 °3 xn tho 
glasses there is not much change m resistivity (Fig 3) 
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5 3 Electronic Conduction 

Microstructural studies of silicate glasses 

(38 ) 

containing b i 2 °3 b y Chakravorty shows there are 

island of Bi m the glassy matrix of varying diameters 
o 

250 A One possibility for conduction ar^se from 

hopping between conducting island Se droplets may also 

(39 ) 

be present m glassy matrix as suggested by ITagesh 
Thus conduction ma^ arise from the hopping between the 
conducting lsl nds of Bi and Se The resistivity of 
these glasses can be represented by 

V - ex P ^/^T) 

The activation energy for electron hopping m such a 

, TT . , (40) , , 

situation has been shown by Neubauer and Wibb to be 

given by e^/kr , where e is the electronic charge, h is 

the dielectric constant of the glassy matrix and r is 

the diameter of the conducting island The resistivity 

of such glasses should be higher then the resistivity 

of Bi, Sb and Se We see some glasses have high value 

9 12 

of resistivity i e of the order of 10 — 10 ohm— cm et 

room temperature, while some glasses show very low ^lue 
or resistivity (10 2 - 10 5 ohm-cm) The resistivity behaviour 
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Ql= high resistivity glasses can be described as above 

The dielectric constants of lead glasses is 9^ 37 ' 1 

Using above formula with activation energy values 

ranging from 7 to l 0 eV a range of Rvalues extending 
o o h- 

from 10 A to 30 A are obtained The droplets of this 

size can not be detected from X-ray differaction 

patterns which shows no peak and conforms suggests 

glassy structure For conformation of this size of 

droplets needs electron microscopic studies of these 

glasses 

We see from Figs (l-io) except Fig 2 that by 

changing the composition of the glasses by varying 

concentration of Se, Bi^O^ S ^2°3 and As 2°3 / t ' he 

resistivity value, drop from a very high value to a low 

values and also the variation of resistivity with 

temperature is also very small In seme cases the (Glass 

Nos 4 and 15) the resistivity increases with increase 

m temperature similar to the case m metals 

The phenomenon seems to arise due to Anderson 

transition ^ 3 ^ ^ and can be explained on the bas— s of 

(33) 


Anderson localization theorem 
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Change of the concentration of different 
components of the glass changes the structure m such a 
manner that the Fenru level shifts from r-gion localized 
states towards the rigion of extended states The 
conduction from hopping between tne localized states 
changes to either conduction due to exitation of electrons 
to the extended states, where activation energy will 
be low and decreases with increase m temerature or 
Fermi level reaches the region of extended states 
and electron becomes itenerent and behave like a metal 
In this case the conductivity is high 
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CHAPTER VI 

CONCLUSIONS 

Glasses m the system PbO-ZnOL_B 2 0 3 _Si0 2 showed high 

value of resistance which is m agreement with the 

literature data When Se metal was substituted m phas-e 

Tv 

of ZnO m the glass system there was a renarlable change 
m the resistivity level of these glasses Substitution 
of Se for b 2 °3 ln t ^ e glass does not shown much change 
m resistivity Variation of composition of Bi 2 0 3 
Sb 2 0 3 and gave rise to different level of resistivity 

level Some of the log resistivity vs temperature curves are 
linear and showed much variation of resistivity with 
temperature While for others the variation wasrvery 
small 

Conduction m these glasses at low temperatures 

'h 

seems to arise due to electrode hopping between conducting 
island formed m the glassy matrix 

By increasing the concentration of PbO lead to 
increase m resistivity which can be explained on the 
basis that big Pb 2+ ions tend to fill up the holes and 
thus decrease the electric conduction 
content leads to increase in resistivity 
structure becomes more rigid One A s 2 ° 3 


Increase m Si0 2 
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glass also showed threshold switching 

Thus by playing with the composition of different 

constituents of the glasses a variation of resistivity 
12 2 

level fran 10 to 10 was obtained X_Ray dif fcraction 
pattern took for different glasses does not show any 
peak hence indicated that crystalline particle will be 
smaller m size to be detected by this technique 
A more extensive composition variation 
effect, micros true ture studies D T A studies a c 
resistivity and dielectric constant measurements should 
be done before we could conclude on exact mode of 
conduction 


Preoosed Future Work 

1 M^rv extensive composition variation studies m each 

/V. 

individual system 

2 AC resistance variation with temperature and 
dielectric properties measurements 

3 D T«A studies for these glasses 

4 Microstructural studies like variation of electrical 
properties with microstructural variation 
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TABLE 3 

Resistivity Date of Glass No 1 
51 9PbO-lg 2ZnO-2 2 4B 2 0 3 -6 5 Si0 2 (M o l e /) 

Thickness of the specimen = 0.056 Cm 
Area of the electrode = 2 15 cm 2 


Temperature °K .'Resistance ohm ! Resistivity ohm- 

— - - 1 ' .I i i ! 


308 

3 87X10 11 

338 

4.86x10 10 

394 

2 8xlo 8 

424 

5 63xl0 7 

429 

5 43xlo 7 

47 b 

1.3xl0 5 

447 

3 7 5x10 5 

418 

1.3x10 s 

373 

1 55xl 0 7 

350 

3 7x1 o 7 

319 

3xl0 8 

304 

1 59x10 9 

290 

3 79x10 c 10 

217 

3 • lxlO 11 

262 

12 

1.2x10 


3xl0 13 


1.49xl0 13 
1 87xlo 12 

1 07xl0 10 

2 16xl0 9 
2 08x10 9 

4 99xl0 6 
1 44xl0 7 
4.99xl0 7 

5 95xl0 8 
1 42xl0 9 


1 15xl0 10 
6 10x10 10 
1 46x10 12 


1 19x10 13 
4 6 lxlO 13 



232 


1 15x10 
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TABLE 4 

Resistivity Data of Glass Ro 2 


51 9PbO-14 

2ZnO-?2 4B 2 ° 3 - 6 

5Si° 2 

-5S e (Mole/) 

Th let ness of the specimen = 

0 07 Cm 

\rea of 

the electrode 

= 1 63 

Cm 2 

Temperature °K 

1 

! Resistance 

* 

» 

1 

Resistivity 


! Ohms 

1 

Ohm-cm 

210 

12 5 


2.91X10 2 

218 

9 64 


? 2 4x10 2 

253 

8 46 


1 97x10 2 

269 

8 0 


1 86x10 2 

281 

6 15 


1 43x10 ^ 

303 

7 33 


1 7 lxlO 2 

323 

7 14 


1 66x10 2 

351 

4 64 


2 

1 08 x 10 

36 5 

4*23 


9 8x10 1 

382 

6 43 


1 49x10 2 

40 5 

5 5 


1 28x10 2 

429 

5 62 


1 31x10 2 

460 

5 0 


1 16^10 2 

47 5 

4 37 


1 02x10 

445 

5 5 


1 28x10 2 

9 

420 

5.55 


1 29x10 

9 

395 

5 55 


1 29x10 

9 

370 

6 47 


1 51x10 

n 

348 

6 28 


1 . 46 x 10 

9 

330 

5 83 


1 36x10 
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TABLE 5 

Resistivity D d ta of G i a ss N 0 3 
51 9PbO-14 2ZnO-22 4R 2 0 3 -6Si0 2 _5Se-0 5C(Mole/) 
Thickness of me specimen = o 05 Cm 
Area of the electrode = 0.45 Cm 2 


Temperature °R 

' ! 

i Resistance Ohms ! Resistivity Ohm --am 

210 

3 7 5x10 

3.38xl0 2 

218 

4 OxlO 

3.6xl0 2 

253 

3 89x10 

3 5x10 2 

269 

3 6 5x10 

3 2 9x10 2 

281 

3 44x10 

3 096x10 2 

303 

3 89x10 

3 5x10 2 

330 

3 57x10 

3 21x10 2 

348 

3 3 9x10 1 

3 05x10 2 

370 

3 10 3 x I® 1 

2 7 9x10 2 

395 

2 5x10 1 

2 25x10 2 

420 

2 22x10 1 

1 998x10 2 

415 

2 67X10 1 

2 4x10 2 

475 

2 3X10 1 

2 07x10 2 

460 

2 2 5x10 1 

2 02 5x10 2 

429 

2 17x10 1 

1 9 5x10 2 

405 

1 29x10 1 

1 16x10 2 

382 

1*2 5x10 1 

1 12 5x10 2 

36 5 

1 2x10 1 

1 08x10 2 

351 

7 86 

7 07x10 1 

323 

1 78x10 1 

1 15X10 2 
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TABLE 6 

Resistivity Data of Glass Do 4 


58Pb0-14Zn0-12B 2 0 3 -6Si0 2 -10Se ( Mole ) 

ihichness of the specimen = 0 063 Cm 

2 

Area of the electrode = 2 89 Cm 



— r , - 

1 


Temperature , °K 

i Resistance Ohms » 

« i 

1 _ £ 

Resistivity Ohm-cn 

183 

2 

46xl0 3 

1 13x10 5 

215 

2 

813X10 3 

1 29x10 5 

237 

3 

125xl0 3 

1.43X10 5 

363 

2 

8xl0 3 

1 74xl0 5 

28 5 

4 

06 xl 0 3 

1 86x10 5 

307 

5 

44xl0 3 

5 

2 5x10 

343 

6 

8 4x10 3 

3 14 ilO 5 

389 

8 

23 5x10 3 

3 7 8x10 5 

117 

8 

076xl0 3 

3 7x10 5 

445 

7 

22X10 3 

3 3 1x10 5 

467 

5x10 3 

2 29x10 5 

495 

4 

09X10 3 

1 88x10 5 

474 

5 

4 

28x10 

2.42X10 6 

442 

1 

36xl0 4 

6.24X10 5 

406 

5 

77xl0 3 

2 6 5x10 5 

385 

6 

,09xl0 3 

2.79X10 5 

359 

6 

25xl0 3 

2.87x10 

327 

6 

.29xl0 3 

2 89x10 
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TABLE 7 

Resistivity Data of Glass N 0 .5 
57PbO-iO2nO-22B 2 0 3 -6SiO 2 -5 S e (Dole /) 

Thickness of the specimen = o 055 cm 
Area of the electrode = 1.33 Cm 2 


Tempo ratu re°K 

, 

1 

•Resistance Ohms 

i 

i 

! Resistivity Ohm - 

210 

1 33x10 1 

3 22x10 2 

218 

8 0 

1 93x10 2 

253 

5 18 

1 2 5x10 2 

269 

3 14 

7.59X10 1 

281 

4 0 

9 67x10 1 

304 

5 14 

1 24x10 2 

327 

57 

1 n^io 2 

367 

4 67 

1 13^vl0 2 

406 

3 54 

8 56 xlO 1 

422 

3 43 

8 29x10 1 

151 

3 37 

8 15X10 1 

72 

3 00 

7 2 5x10 1 

151 

3 47 

8 39x10 1 

410 

3 89 

9 41x10 1 

385 

4 

9 67X10 1 

36 5 

4 38 

1 06x10 2 

332 

5.8 

1 40x10 2 

304 

6 

1 45x10 2 
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TABLE 8 

Resistivity Data of Glass Ro 6 
6oPbO-14ZnO-15B 0 - 6Si0 2 ~5Se (Mole /) 

Thickness of the specimen = 0 051 Cm 

2 

Area of the electrode = 0 ^5 Cm 


Tc mpe r atu re , °K 


290 

304 

308 

338 

397 

419 

429 

468 

447 

419 

373 

349 

319 


I 

I 

Resistance, Ohms] 


11 

9 0x10 

2 5x10 11 

5 0x10 10 

3 6 8x10 10 

4 43xl0 8 
IxlO 8 

5 59x10 7 

6 52xl0 6 
1 6 4x10 7 

6 92xl0 9 

6 9 2x10 9 

4 6 9x10 10 
10 

1 64x10 


Resistivity, Ohm Cm 

12 

7 94x10 

12 

2 21x10 

4 41X10 11 
11 

3 25x10 

3 91 clO 9 

8 8 2x10 8 

4 93xl0 8 

5 7 5x10 7 
1 45xl0 8 

6 11x10 10 
6 llxlO 11 
4 14x10 11 
1.45X10 11 
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TABLE 9 

Resistivity Data of Glass No 7 

60Pb0-14Zn0-17B 2 0 3 -6 Si0 2 - 3 S e (Hole /) 

Thickness of the specimen =0 031 Cm 

2 

Area of the electrode = 0 50 Cm 


Temperature °K [Resistance Ohm ! Resistivity Ohn-cm 


290 

12 

1 09x10 

13 

1 16slO x 

304 

11 

9 5x10 

13 

1 53x10 

308 

1. 25X10 11 

12 

2 02x10 

338 

6 05x10 10 

1 11 

9 76x10 

396 

1 92x10® 

„ „ „ 1 10 

3 10x10 

424 

3 8 5xl0 8 

6 21x10 9 

429 

8 

1 67x10 

9 

2 69x10 

173 

7 

1 28x10 

8 

2 06x10 

147 

3 57x10 7 

5 76 10 8 

118 

1 66x10 8 

2 68x10 9 

373 

2.76X10 9 

4 4 5x10 10 

3 50 

1 42x10 10 

2 29x10 11 

319 

5 7 4x10 10 

9 26x10 11 



1 1 t k^npur 
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TABLE 10 

Resistivity Data of Glass No 8 
60PbO-14ZnO-i9B 2 0 3 -6Si0 2 -iSe (Mole /) 

Thickness of the specimen = O 03 ICm 

2 

Area of the electrode = O 42 Cm 


Temperature °K 

329 

348 

387 

^25 

450 

453 

463 

474 

508 

18? 

4 54 
429 
409 
377 
34? 

304 


iResistance Ohms 

I 

t. . ... 

2 5x10 10 

1 6 2x10 9 

9.57xl0 7 

6 

9 80x10 

6 41xl0 6 

6 2 5x10 6 
6 

4 69x10 

2 5xl0 6 

, 6 

2 0x10 

4 5 5x10 ^ 

7 

1 67x10 
6. 5 2x10 7 

2 14x10 8 

3«46xl0 9 

6 2 5x10 1 1 
12 

5.88x10 


Resistivity Ohrr -cm 

3 09XJ.0 11 

2 00x10 10 

1 18x10 9 
0 

1 21x10 

7 91xl0 7 
7 

7 72x10 

5 79xl0 7 
7 

3 09x10 

2 47xl0 7 

5 62xlO ? 

2 06xl0 8 

8 0 5x10 8 

2 6 4x10 9 

4 27x10 10 
12 

7 72x10 
7 26x10 13 
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TABLE 11 

Resistivity Dura or Glass I 0 9 

b4PbO-l02no-22B 2 0 3 -6Si0 2 -5Bi 2 0 3 ~3Se(Mole /) 

xhicknoss of the specimen = o 047 cm 
Area of the electrode = 05 Cn 2 


Temperature/ °K 

1 

! Resistance/ Ohms 

1 

» - 

Resistivity/ 

210 

6 6 5x10 3 

7 04xl0 4 

218 

1 19x10 3 

1 27x10 4 

253 

1 19x10 3 

1 27-10 4 

269 

1 19x10 3 

1 27xlo"' 

201 

1 19x10 3 

1 27x10 1 

303 

1 19x10 3 

1 27x10 4 

323 

7 6 9x10 3 

8 18x10 4 

3 51 

1 21X10 3 

1 29xl0 4 

365 

1 14x10 3 

4 

1 21x10 

382 

1 2 5x10 3 

1 3 3x10 4 

405 

1 lxlO 3 

1 17x10 1 

129 

1 3 4x10 3 

1 43X10 1 

475 

1 30x10 3 

1 3 8x10 4 

445 

1 19xl0 3 

1 27x10 4 

120 

1 25x10 3 

1 33x10 4 

395 

1 335x10 3 

1 42x10 4 

370 

1 19x10 3 

1 27x10 4 

348 

1.19X10 3 

1 27x10 4 

330 

1 27 5x10 3 

1 36x10 4 


Ohm- cm 
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TABLE 12 

Rcsistigity Data o£ Class Ro 10 

54Pbo-10Zno-22B o -6Sio ~3Bi o -5Se(hole /) 

2 3 2 2 3 

Thickness of the specimen = 0 062 cm 

2 

Area of the electrode = 1 70 cm 


Tompex attire* K 



Resistivity* Ohm cm 


233 
290 
304 
308 
338 
397 
121 
429 
473 
447 
418 
373 
3 50 
319 


, 13 

3 0x10 

8.7 5x10 1 1 

1 2^xl0 n 

1.0 xio 10 

1.55x10 10 
8 

4 04x10 

9 20X10 7 
7 

6 43x10 

5 ?3xl0 6 

7 

1 79x10 

7 

9.56x10 

9 

1 67x10 

6 67xl0 9 

„ 10 
1 47x10 


14 

8 23x10 

13 

2 10x10 

3 40x10 12 

1 37xl0 12 
12 

1 25x10 

1 11x10 10 

2 52 - 10 9 

1 7 6 xlO 9 

1, 3xl0 8 
8 

4 91x10 

2 62xl0 9 

4 58x10 20 
11 

1 83x10 

„ , rt ll 
4 03x10 
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TABLE 13 

Resistivity Data of Glass Ho n 

54Pbo-loZno-?2B o -6S10 -5Sh o -3Se (Iio3e /) 
^ o 2 2 3 

Thickness of the specimen =o 091 cm 
Area of the electrode =3 Ocm^ 


Tempe ratu re t °K ! 

. . - 1 

1 

1 

Resistance/ Ohms { 

( 

» 

Resistivity 

304 

3 I8xl0 4 

1 05x10° 

327 

3. 18xl0 4 

6 

1*05x10 

366 

4 

7 9 xlO 

6 

2 60x10 

406 

4 4xl0 4 

1 45 CIO 6 

422 

4 

5 0x10 

1 65xl0 6 

451 

4 

6 3x10 

2 08x10 


4 

6 

471 

7 0x10 

2 31x10 


5 

6 

448 

1 25x10 

4 12x10 


5 

6 

408 

1 79x10 

5 90x10 

387 

2 07x10 5 

6 8 2x10 6 

367 

2 * 08 x 10 J 

6 

6 86x10 

332 

2 20x10 5 

7 2 5x10 6 

304 

2, 13x10 5 

6 

7 02x10 
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TABLE 14 

Resistivity Data of Glass No 12 

54Pbo-lCZno-22B o ~6Sio -3Sb o -5Se ( I ole /) 
l 3 2 2 3 

Thickness of the specimen =0 053 cm. 

2 

Area of the lelectrode =1 68 cm 


o 1 

Temperature/ K j Resistance ohm 

I 

i 


Resistivity ohm cm 


, . l 

2 

3 

183 

2 . 5x10 

7 . 24x10 

215 

6.67X10 1 

1 93x10 3 

237 

4 2x10 1 

1.22xl0 3 

264 

3 53X10 1 

3 

1.02x10 

235 

3 41X10 1 

9 88x10 3 

307 

1 05xl0 3 

3 04xl0 4 

343 

4 0 xlO 2 

1 I6xl0 4 
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TABLE 15 

Resistivity Data of Glass Ho 13 

54Pbo-lOZno-22B o -6sio -5As o -3Se(Mole /) 

Thickness of the specimen=0 09 cm 

2 

Area of the electrode = 1 5 cm 


Temperature/ °K 

T 

t 

Resistance/ ohms 

-m — 

i 

« 

l 

i 

Resistivity/ ohm, cm 


i 

i 

I 


$ 


308 


1 00x10 11 


12 

1 67x10 

338 


, ,«12 

1 X 10 


13 

1 67x10 

398 


8 

7 29x10 


1 2 1x10 10 

419 


8 

2 212x10 


3 6 9x10 9 

429 


O 

1 46x10 


2 43xl0 9 

468 


1 27xl0 7 


2 12xl0 8 

447 


2 78xl0 7 


4 62xlO S 

418 


8 

4 43 dO 


9 

2 38x10 

373 


7 29x10 9 


11 

1 21x 10 aj - 

3 50 


6.78xl0 9 


11 

1 13x10 

319 


„ . ,„10 

6 1 xlO 


1 02x10 12 

304 


5 51x10 11 


9 18x10 12 

290 


1 2 

1,09x10" 


13 

1 81x10 

233 


2. 99x10 13 


14 

A 98x10 
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TABLE 16 

Resistivity Data of Glass Do 11 

54Pbo~10Zno~22B 2 0 3 -6Sio 2 -3As 2 0 3 ~5Se (Mole /) 

Thickness of the specimen = 0 0 5 cm, 

, 2 

Area of the electrode = o 24 cm 


Tempo r atu re , °K 

' "J ' 

1 

1 

t 

1 

1 

1 

1 

Resistivity ohm cm 

185 


4.05x10^ 

221 


5 63x10 5 

238 


1 25xl0 7 

257 


3.6 xlo^ 

27 3 


2 84x10 5 

286 


2 04x10 

317 

3 59 


1 0 xlO 

4 

9 25x10 

401 


1 08 x 10 

5 

429 


1 008 x 10 

45? 


1 40 4x10 3 

4 

ill 


9 792x10 

4 

485 


5 76x10 

2 88xl0 4 


504 
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TABLE 17 

Resistivity Data of Glass to. 15 

50Pbo-10Zno-22B o -loSio -5Bi o -3Se (Mole /) 
2 3 2 2 2 

Thickness of the specimen = 0 02 cm 

2 

Area of the electrode - 0.36 cm 



Temperature/ K 


18 5 

215 

236 

26 5 

285 

307 

3^3 

309 

417 

445 

469 

495 

474 

442 

404 

384 

3 59 

326 


, Resistance/ ohms 

< 

i 

078X10 1 

1 20X10 1 

1.34X10 1 

1 487 xlO 1 

1.552X10 1 

1 

1 928x10 

2. 2x10 1 

2.79X10 1 

1 

3 . 19x10 

1 

3.87x10 

3 7 5x10 1 
1 

3 01X10 

1 

4 528x10 

1 

5.25x10 
5 . 00 x 10 1 

1 

5.348x10 

5.87X10 1 

5.36X10 1 


Resistivity/ ohm cm 


1 78xl0 2 

2 16x10 2 
2 41x10 2 
2.68 x 10 2 

2 7 9x10 2 

3 48x10 2 

2 

3 92x10 

2 

5 02x10 

2 

5 72x10 

2 

6 97x10 

6 7 5x10 2 
2 

5 44x10 

2 

8 15x10 

9 4 5x10 2 

2 

9,00x10 
9 63xl0 2 
9.06 x 10 2 
9 6 5x10 2 
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TABLE IQ 

Ruu Activity Data of Glas^ No 16 

<■' 5Pbo-lOZno-22B o ~l5Sio -5B* o -3Se (Mole /) 
2 3 2 2 3 

Til ic toe ss of tile specimen = 0 062 cm. 

2 

Area of electrode = 3,^0 cm 


o.. 

Tempera Lure K 

T — 

j Resistance# ohms 

i 

i 

« 

. j..y 

t 

! Resistivity oh.m 

r 

i 

\ 

290 

9x10 11 

13 

4 93 5x10 

304 

7.2X10 11 

13 

3 948x10 

308 

8. 3 3x10 10 

,12 

4 568x10 

330 

11 

1x10 

12 

5*484x10 

397 

7.895xl0 8 

4. 33x10 10 

415 

8 

1.515x10 

9 

8.308x10 

421 

1.4xl0 8 

7.677xl0 9 

468 

1.67X10 7 

9.l58xl0 S 

447 

4.17xl0 7 

9 

2.287x10 

419 

2.4xlQ 9 

11 

1.316X10 

373 

1.61xl0 9 

10 

8.829x10 

349 

6.92X10 9 

3.795X10 11 

321 

4. 83x10 10 

2.649X10 12 
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1ABLE 19 

Resistivity Data of Glass 1 T 0 17 

50EbO-i0ZnCL2 2B 0 - 10 S 1 O -5Sb_O n -3Se Glolc °/) 

2. "» 2 2, D 

Thickness of the specimen = 0 04 cm 
Area of electrode = 0 36 cm 2 


Temperature °F 

t I 

! Resistarcc Ohms | 

f i 

Resistivity Ohm^cm 

328 

3 175xl0 9 

2 857xl0 10 

349 

2 294xl0 8 

2 064X10 9 

388 

3 OOxlO 7 

2 700X10 8 

424 

6 33xl0 6 

5 7xl0 7 

451 

5 OOxlO 6 

4 5xl0 7 

466 

3 03xl0 6 

2 727X10 7 

475 

1 96xl0 6 

1 76x1 0 7 

508 

1 191X10 6 

1 07xl0 7 

483 

2 5xl0 6 

2 25x1 0 7 

451 

7 67xl0 6 

6 903xl0 7 

429 

2 23xl0 7 

2 007X10 8 

407 

6 67xl0 7 

6 003X10 8 

382 

3 06xl0 8 

2 754X10 9 

342 

4 546xl0 10 

4 091X10 11 
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45FbO- 

TABLE 

Resistivity Data of Glass ' 
-10ZnO_22B 2 0 3 -l5Si0 2 _5Sb 2 0 3 . 
Thickness of the specimen 

Area of Electrode = o 76 

Go 18 

-3Sc (Hole y ) 

- 0 06 

Temperature 

1 

o * 1 

K | Resistance Ohms Resistivity Ohm -cm 

t 

— — I ... ... 

323 

3 704X10 1 

4 

69xl0 2 

351 

4 OxlO 1 

5 

07xl0 2 

365 

3 59X10 1 

4 

5^xl0 2 

382 

3 478X10 1 

4 

41xl0 2 

405 

4 OOxlO 1 

5 

07xl0 2 

429 

3 OOxlO 1 

3 

67xl0 2 

460 

2 703X10 1 

3 

42xl0 2 

415 

5 882X10 1 

7 

45xl0 2 

420 

5 366X10 1 

6 

8QX10 2 

395 

5 OxlO 1 

6 

33xl0 2 

370 

6 OOOxlO 2 

7 

60X10 3 

348 

5 582X10 2 

7 

07x1 0 3 

330 

4 571xl0 2 

5 

79xl0 3 

303 

4 533xl0 2 

5 

74xl0 3 

281 

1 OxlO 3 

1 

27xl0 4 

269 

1 OxlO 3 

1 

4 

27x10 

253 

8 OxlO 2 

1 

OlxlO 4 

218 

7 212X10 2 

9 

13X10 3 

210 

8 75xl0 2 

1 

llxlO 4 
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TABLE 21 

Switching Data of Sample No, 14 
54Pb0-10Zn0-22B 2 0 3 _6Si0 2 -3As 2 0 3 -5S e ( lol /) 

Thickness = 0 05 Cm 
Area = 0 24 Cm 2 


Temperature °C 

j Th 

i 

L 

1 

shold Voltage J'On 1 
< 

State Resistance 

78°C 


3 V 

3 K 

92 C 


1 6V 

20 K 

109 


1 IV 

30 K 

152 


1 3V 

10 K 

202 


1 7V 

15 K 

17 2 


4 

20 K 

148 


6 6 

22 K 

122 


11 6 

29 K 

97 

Did 

to 

not switch up 

16 V 



I 
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